Background: Approximately 2-4% of women of reproductive age have hypothyroidism. This study characterizes pregnant women with hypothyroidism and examines adherence to guidelines during pregnancy. Methods: Women age 18 to 49 who were pregnant in 2014 and identified with hypothyroidism (N = 3448) were included in the retrospective study. The analyses examined differences in characteristics and comorbidities between pregnant women treated with levothyroxine and untreated women and adherence to guidelines by measuring thyroidstimulating hormone (TSH) target achievement for women treated with levothyroxine. Results: The average age was 32.76 years, and the median TSH value was 1.97 mIU/l. Compared with untreated pregnant women, pregnant women treated with levothyroxine were significantly younger, had a lower Charlson Comorbidity Index score and had lower rates of comorbid type 2 diabetes and migraines. Among women treated with levothyroxine, 52.61% had a last recorded TSH value consistent with American Thyroid Association (ATA) guidelines, 23.85% were undertreated, 1.03% were overtreated, and 22.52% did not have TSH monitored during their pregnancy. Conclusions: A large percentage of pregnant women, including many treated with levothyroxine, was not treated in a manner consistent with clinical guidelines. Additionally, there were significant differences in general health and comorbidities between pregnant women treated with levothyroxine and those untreated.
INTRODUCTION
Thyroid hormone deficiency, or hypothyroidism, affects 4.6% of the US population and is significantly more prevalent in women [1] .
Among women of reproductive age, the rate of hypothyroidism has been estimated to be 2-4% [2] . Hypothyroidism can be difficult to diagnose in women who are pregnant, given that enlargement of the thyroid gland, increases in thyroid hormone levels, fatigue and other symptoms commonly associated with hypothyroidism are normal conditions of pregnancy [3] . However, one study found that among the 23% of pregnant women who were screened for hypothyroidism, the prevalence was 15.5% [4] . Hypothyroidism has been linked to ovulatory and menstrual dysfunction, infertility and repeated miscarriages [2, 5, 6] . In addition, if untreated during pregnancy, the condition can lead to adverse maternal and fetal outcomes, including spontaneous miscarriage, preterm delivery, preeclampsia, maternal hypertension, postpartum hemorrhage, low birth weight and still birth [7] . Research has further shown that hypothyroidism in early pregnancy may be associated with temporary and permanent intellectual and psychomotor impairment of the child. The risk of many of these maternal adverse events can be reduced, and impairment of the child might be prevented with levothyroxine treatment [8] [9] [10] [11] .
Given the impact of hypothyroidism on women of child-bearing age, pregnant women and their offspring, a wide range of clinical guidelines recommends screening for hypothyroidism among women who are pregnant or planning a pregnancy [7, [12] [13] [14] [15] . When a pregnant woman is diagnosed with hypothyroidism, medical guidelines recommend that she be treated with levothyroxine in consultation with an endocrinologist who monitors her thyroid-stimulating hormone (TSH) levels consistently [7] . However, studies examining frequencies of undertreatment of hypothyroidism have shown relatively large percentages of women do not achieve TSH values within recommended guidelines [6, 11, 16, 17] . The present retrospective study used medical claims and laboratory data to observe and describe treatment among pregnant women identified with hypothyroidism in the US. In addition, this investigation examined the concurrence between clinical practice guidelines and TSH levels among the pregnant women taking levothyroxine.
METHODS
This retrospective cohort study used data spanning the years 2013 through 2015 from the Optum Clinformatics TM database, which contains information on [ 150 million individuals and laboratory results for [ 30 million people. Before release, the data were verified, adjudicated and adjusted. The databases have been used in [ 90 published research studies. The data contain information regarding patient demographics, inpatient and outpatient services, and outpatient prescription drugs. The information is fully de-identified and HIPAA compliant. Given the retrospective nature of the study design and the de-identified data, the study was exempt from internal review board evaluation.
Women ages 18-49 years who were identified as both hypothyroid and pregnant in 2014 were included in the study. Specifically, women were classified as hypothyroid if they received two or more diagnoses of hypothyroidism (ICD-9-CM of 243.xx-244.xx, except 242.2x and 244.3x) or if they received one diagnosis of hypothyroidism and filled one or more prescriptions for levothyroxine. Pregnancy was identified by receipt of two or more diagnoses of pregnancy (ICD-9-CM of 63x.xx-67x.xx, V22.xx, V23.xx or V27.xx) in 2014. Given the above, pregnancy episodes were identified using a previously validated algorithm [18] , and patients were excluded from the analyses if they were identified as having thyroid cancer (ICD-9-CM of 193.xx or V10.87) prior to or during their pregnancy or if they did not have continuous insurance coverage over the course of their pregnancy. Finally, every woman was required to have at least one recorded laboratory test result for any cause over the course of their pregnancy to ensure that they went to laboratories that shared test results with the database vendor. Figure 1 illustrates how each of the inclusion and exclusion criteria affected sample size.
The research characterized pregnant women with hypothyroidism and the differences among these individuals based upon the treatment they received. The patient characteristics of interest included age, region, type of insurance plan, diagnosing physician and general health as proxied by the Charlson Comorbidity Index (CCI) [19, 20] . The diagnosing physician was proxied by identifying the physician type associated with the first diagnosis of hypothyroidism. The CCI is a summary measure of an individual's comorbid conditions, which is often used as a proxy measure of overall health status [21] . The analyses also examined whether the woman had a consultation with an endocrinologist during her pregnancy (denoted as 'visit endocrinologist' below) as well as the number of TSH tests and the TSH laboratory result(s). Finally, the analyses also examined certain comorbidities, including Addison's disease, bipolar disorder, celiac disease, chronic kidney disease, depression, dyslipidemia, heart failure, hypertension, migraine, myasthenia gravis, obesity, pernicious anemia, rheumatoid arthritis, schizophrenia, systemic lupus erythematosus, type 1 diabetes and type 2 diabetes. These comorbidities were included because they have been linked to hypothyroidism in pregnancy by either previous research [22] [23] [24] [25] or the American Association of Clinical Endocrinologists and the American Thyroid Association (AACE/ATA) clinical practice guidelines for hypothyroidism in adults [7] .
The present study also examined adherence to the 2012 AACE/ATA guidelines, which recommend that pregnant women with hypothyroidism receive treatment with levothyroxine, consult with an endocrinologist and, when treated with levothyroxine, have their TSH levels monitored. Treatment guidelines also specify target TSH levels between 0.1 and 2.5 mIU/l in the first trimester, 0.2 and 3.0 mIU/ l in the second trimester and 0.3 and 3.0 mIU/l in the final trimester [13] . Patients with TSH levels within the target range for their term of pregnancy were identified as appropriately treated, while those with TSH levels above or below target were identified as undertreated or overtreated, respectively. Sensitivity analyses were used to examine the robustness of the findings regarding TSH monitoring. Specifically, analyses were conducted using a 1-week earlier and 1-week later estimated pregnancy start date, requiring at least two TSH tests over the pregnancy instead of only one and establishing an upper limit TSH target of 2.5, 3.0 and 3.5 mIU/l in the first, second and third trimester of pregnancy, respectively, while removing the lower limit [7] .
The analysis characterized the sample using descriptive statistics, such as mean and standard deviation or median and interquartile range for continuous variables and frequency and percentages for categorical variables. Results from the Kolmogorov-Smirnov test revealed that continuous variables (age and TSH) were not to be normally distributed. Therefore, differences in these variables were examined using Mann-Whitney U tests when examining differences across two categories and Kruskal-Wallis tests when examining differences across four categories. Differences in categorical variables were examined using chi-square tests. When tests revealed significant differences among four categories, ex post multiple pairwise comparisons were conducted using a Bonferroni adjusted P value. All analyses were conducted using SAS, version 9.4.
RESULTS
A total of 3448 women ages 18-49 were identified with a diagnosis of hypothyroidism, were pregnant and met all other study inclusion and exclusion criteria. As Table 1 illustrates, the average age of these women was 33 years, and approximately two-thirds (67.9%) were treated with levothyroxine. These women were most commonly diagnosed with hypothyroidism at an obstetrician/gynecologist's office, a general acute care hospital or an endocrinologist's office, although only 12.3% visited an endocrinologist at any time while pregnant. In its comparison of treated and untreated patients, Table 1 also reveals differences in geographical location and physician type. Patients who were treated with levothyroxine were less likely to reside in the South, more likely to reside in the Northeast or West, less likely to be diagnosed by an endocrinologist and less likely to be treated by an endocrinologist at any time during their pregnancy. The treated patients were also in better general health, as proxied by a significantly lower CCI. There was no statistically significant difference in the number of TSH tests between patients treated with levothyroxine and those untreated for their hypothyroidism. Figure 2 illustrates differences in comorbidity rates between treated and untreated patients for all of the comorbidities of interest that were diagnosed in at least 2% of the population. The pregnant women in this study were most frequently diagnosed with comorbid obesity, dyslipidemia and depression. Those who were treated with levothyroxine, compared with those untreated, were significantly less likely to be diagnosed with comorbid dyslipidemia or type 2 diabetes. Figure 3 shows whether the patient received TSH monitoring and, if so, whether the value was within the target range per ATA guidelines [13] . Slightly less than half of all patients were not monitored in accordance with guidelines during their pregnancy (47.4%). In particular, approximately one-quarter of the total population were undertreated (23.9%) and another quarter were not monitored at all for TSH levels (22.5%). Figure 3 also examines robustness of the results, showing that the findings were generally not sensitive to alternative specifications of pregnancy start dates or target ranges of TSH. However, patients were more likely to be identified as non-monitored (33.5% vs. 22.5%) and less likely to be identified as appropriately treated (45.4% vs. 55.6%) when applying the stricter requirement of at least two laboratory test results during the pregnancy. While Table 1 compares differences between treated and untreated patients, Table 2 examines differences among treated patients based upon treatment status of undertreated, overtreated, treated appropriately or not monitored. Results reveal that those in the Northeast were least likely to be overtreated, while patients from the South were least likely to be nonmonitored. There were also statistically significant differences based upon diagnosing physician and significant differences between those patients who were not monitored and those who appropriately treated or undertreated. There were no statistically significant differences among the four groups regarding age, insurance type or CCI score.
DISCUSSION
The results of this study suggest that a significant proportion of pregnant women with hypothyroidism are not receiving the recommended care. Of the 3448 women included in these analyses, approximately one out of four never received a follow-up TSH test and another one out of four were undertreated. Nearly nine out of ten (87.7%) did not consult with an endocrinologist, and approximately one out of three was not treated with levothyroxine. In addition, despite calls for regular monitoring of TSH levels of pregnant women who are treated with levothyroxine, there was no statistically significant difference in the number of TSH tests during pregnancy between treated and untreated women. The patients who were untreated were more likely to have comorbid dyslipidemia or type 2 diabetes relative to those who were treated, findings that support previous evidence that a low thyroid function has a negative effect on the lipid profile [26] and that low thyroid function leads to insulin resistance and type 2 diabetes [27] . Given this and previous evidence that appropriate treatment with levothyroxine in pregnancy can help prevent adverse outcomes [6, 7, 11] , interventions that improve the treatment of pregnant patients with hypothyroidism would likely have a significant, positive impact for payers, the health care system and society overall. However, it should also be noted that very few of the patients were found to be overtreated (1.03%).
This finding is promising given that overtreatment has been shown to be associated with adverse skeletal events [28] . This study may underestimate the lack of adherence to guidelines. For instance, the present analyses required one or two TSH tests over the course of a pregnancy, while the current treatment guidelines recommend up to five such tests [7] . In this study only 34.98% of women received five or more TSH tests over the course of their pregnancy. Moreover, it is possible that a significant number of pregnant women with hypothyroidism were never screened and therefore never diagnosed or treated. Previous research has suggested that targeted screening of only pregnant women who are considered high-risk would miss Differences in continuous variables were examined using Kruskal-Wallis tests, and differences in categorical variables were examined using chi-square tests. For categorical variables where a statistically significant difference in groups was found (P \ 0.05), ex post pairwise chi-square tests were conducted using a Bonferroni corrected P value SD standard deviation, IQ interquartile, TSH thyroid-stimulating hormone a Statistically significant difference between undertreated and appropriately treated groups b Statistically significant difference between undertreated and overtreated groups c Statistically significant difference between undertreated and not monitored groups d Statistically significant difference between appropriately treated and overtreated groups e Statistically significant difference between appropriately treated and not monitored groups f Statistically significant difference between overtreated and not monitored groups 30-80% of pregnant women with hypothyroidism [29, 30] . Universal screening of pregnant women has been shown to be costeffective [31, 32] , and its implementation would be an important step toward improving pregnancy care overall.
The results of this study also revealed that treatment patterns vary by geographical region and diagnosing physician, findings that will be of interest to both payers and providers. In particular, interventions that aim to improve screening and treatment in the least compliant regions, namely, the Midwest and the South, may have a significant impact on humanistic and economic costs. In support of the recommendation that pregnant women with hypothyroidism receive monitoring from an endocrinologist [7] , patients in the present study were most likely to receive monitoring and least likely to be overtreated when under an endocrinologist's care. There was no difference in median TSH among patients treated with levothyroxine and those who were identified as untreated. The reason for this finding is unknown, yet it may reflect the current complexities of treating hypothyroidism in pregnancy as well as the fact that there is no consensus on treating subclinical hypothyroidism in pregnancy [33] , possibly because of the increased risk of pregnancy-related adverse outcomes offsetting risk reductions in pregnancy loss [34] . Pregnant patients with high TSH despite levothyroxine therapy may be taking too low a dose, since dose requirements increase over the course of a pregnancy [35] , or some portion of patients may have treatmentrefractory hypothyroidism, which can be caused by poor adherence, interactions between the levothyroxine and food, problems with digestion or absorption, autoimmune processes or other conditions [36, 37] . The lack of monitoring found for a significant portion of our study population further complicates identification and treatment of these issues.
The results of this study should be considered in the context of the following limitations. First, the patients in this well-insured population may not be representative of all pregnant women with hypothyroidism. Second, the administrative data do not include certain types of information (e.g., diagnoses of subclinical hypothyroidism, thyroid antibody status, etc.) that may be relevant in determining outcomes. In particular, there is no guarantee that all laboratory test results were captured in the study and, further, diagnosis of hypothyroidism by code rather than serum TSH levels may have led to missing some cases. However, the results reported are generally robust to a range of sensitivity analyses around the laboratory tests. Differences in disease severity could not be assessed given the retrospective claims-based methodology, and such variations may confound findings. Furthermore, the administrative claims data may suffer from inaccurate coding. However, the data were verified, adjudicated and adjusted before release; have been used in numerous prior research projects; and allow for inclusion of a large number of patients. Third, women who received antithyroid drugs at the same time as Synthroid Ò and may have had hyperthyroidism were not excluded, but it is expected this would be a small number of women and results would not be affected. Fourth, the ATA updated their guidelines and expanded TSH cutoff ranges in 2017 [38] . However, the results presented in this study illustrate general patterns of treatment using guidelines that were in effect over our study period. Finally, the study is primarily descriptive in nature, and no formal hypotheses were tested.
CONCLUSIONS
In this analysis of a US nationally representative claims database, a large percentage of pregnant women with hypothyroidism was not treated in a manner consistent with clinical guidelines. Additionally, there were significant differences in general health and comorbidities between pregnant women treated with levothyroxine and those untreated. Future investigations, which may include multivariable analyses of these or similar data, into the reasons for the differences between cohorts that were observed in this descriptive study may hold answers that improve standards of care of pregnant women with hypothyroidism.
